ABSTRACT: Research related to the effects of treatment by mycorrhiza preparations Ectovit, Rhodovit (preparations Symbio-m Ltd., Czech Rep.) and their combination on growth of four high-yield poplar clones of Populus deltoides and one variety of Populus x euramericana are presented in this paper. In order to make more accurate assessment of mycorrhiza effect, soil characteristics such as morphology, texture and chemical composition were determined.
INTRODUCTION
Production of black poplar nursery stock is a necessary precondition for the successful establishment of plantations. Nowadays, plantations are mostly established by one-year-old rooted cuttings, type 1/1. The production of nursery stock of the above age is derived from the black poplar property of vegetative reproduction (M a r k o v i ã et al., 1986) . The production of black poplar nursery stock in the section Aigeiros is specific, because it depends on the physicochemical characteristics of the soil, climate and hydrological conditions, characteristics of poplar clone, selection of planting space, with the consequentially applied tending measures.
Poplar nurseries are located on the soils formed in the alluvial plains, characterised by a high variability of characteristics over small areas (Ÿ i v -k o v i ã et al., 1972 ; Ÿ i v a n o v, 1979; Ÿ i v a n o v et al., 1986; I v a n i -š e v i ã, 1991). Ÿ i v a n o v et al. (1986) report that the soils in the Danube alluvial plain are poor in readily available nutrients. The poor supply of the alluvial soil with readily available nutrients, after I v a n i š e v i ã (1991), becomes acute as the consequence of the absence of floods, under the application of the hydrological regime, or under intensive utilisation, such as in the nurseries.
The permanent improvement of the nursery stock production technology is necessary because of the constant generation of new genotypes, and also to reduce the production cost. The improvement should be realised by the production of the higher percentage of good-quality rooted cuttings and by the reduction of the costs of establishment and tending.
The aim of this paper is to contribute to the improvement of nursery stock production technology by the application of the preparations containing mycorrhizal inoculum. Mycorrrhiza is a symbiotic relationship between soil fungi and plant roots. Two major types of mycorrhiza occur in Nature: endomycorrhiza and ectomycorrhiza. Subtypes of endomycorrhiza are arborous, ericoid and orchidaceous mycorrhiza. Endomycorrhiza is common in about 90% of plant species whereas ectomycorrhiza is specific to conifers and some broadleaf species. A basic principle is similar for all mycorrhiza types. When new plant roots get in contact with the mycorrhizal inoculum the roots are colonised with fungal hyphae and after a few weeks the external mycelium network extends to the soil. Under normal condition fungus reproduces itself and persists in the roots or in the soils throughout the entire life of plant.
The uptake of water and solutes by woody species in forests of the Mediterranean, temperate and boreal zones largely depends on the mycorrhizal status of the roots. In forest ecosystems, ectomycorrhizas serve as a major organ for nutrient uptake by trees (M a r j a n o v i ã et al. A -perlit-peat carrier with bioadditives supporting the development of mycorrhizal symbions (seaweed extracts, natural humates, natural source of nitrogen and magnesium) B -Liquid medium with sterile grown mycelium of several ericoid mycorrhizal fungi (Hymenoscyphus spp., Oidiodendron spp., and others) C -powdered gel Ectovit: ectomycorrhizal inoculum contains a dray component A, a liquid component B and a powdered gel C.
A -perlit-peat carrier with the spores of two ectomycorrhizal fungi Sclerodema spp., Pisolithus spp., and bioadditives supporting the development of mycorrhizal symbiosis (seaweed extracts, natural humates, natural sources of nitrogen and magnesium) B -Liquid medium with sterile grown mycelium of another three ectomycorrhizal fungi (Lactarius spp., Hebeloma spp., Laccaria spp. and others) C -powdered gel Treatment with preparation Ectovit and Rhodovit was done by soaking cuttings in prepared solutions.
RESULTS AND DISCUSSION
In this experiment, the soil has the following morphological properties: A p (0-40 cm): brown sandy loam, spheroid structure, calcareous, humus, rich with roots, gradually transits into, C (40-90 cm): gray-yellow sandy loam, structureless, calcareous, with ingrown roots, gradually transits into, G so (90-180 cm): marmorized loamy sand, affected by intense oxidation-reduction processes. Gray-blue gley continues under it and clearly transits into G r (deeper than 180 cm): gray blue gley Based on the morphological description, it can be seen that the sample plot soil is humofluvisol on the level of the type. The soil has a clearly differentiated humus-accumulative horizon up to 40 cm thick, and a sandy loamy texture. Under it, the C horizon continues also with a sandy loamy texture alternating with the G horizon, in which the zone of oxidation-reduction processes and the zone of iron reduction are clearly differentiated. The stratigraphic composition of the soil is A p -C -G so -G r.
The soil textural class varies between loamy sand and sandy loam. Content of the silt+clay fraction in this soil varies between 21.2 and 34.8%. In the distribution of particle sizes, fine sand content is the most important, and its share is from 64.4 to 78.2%. The fraction of coarse sand has the lowest content, from 0.5 to 0.8%. This soil contains from 15.2 to 23.2% silt, and from 6.0 to 11.6% colloid clay. The content of humus is highest in the humus-accumulative horizon and amounts of 2.19%, decreasing uniformly with depth ( Table 2 ). The content of carbonates is between 11.3 and 14.25%, so it can be claimed that this soil is a very calcareous soil. Accordingly, this soil has a highly alkaline reaction of the soil solution. As for the content of readily available nutrients, this soil is in the category of poorly to moderately supplied soils. Due to the low content of organic matter, a marker effect of carbonates is evident, which is expressed in the form of increased alkalinity. The survival percentage in the control amounted to 77-94% (Table 3 ). The percentage of rooted cutting survival compared to the control was higher only for the clone Populus x euramericana M-1. Other clones did not show a higher percentage of rooting under the treatment with mycorrhized cuttings. Mean height was higher for all study clones treated by Rhodovit and Ectovit (Table 3) . Mean height in the control ranged between 1.69 and 2.30 m. After Rhodovit treatment, the height was from 2.42 to 2.76m, and after Ectovit, it was from 2.31 to 2.72 m. After the combined treatment of the clones Populus deltoides 182/81 and B-81 by the above two preparations, mean height was lower than in the control. The results have shown the positive influence of application of mycorrhizal inoculum on diameter.
The statistically significant difference in mean heights compared to the control was determined after the application of the preparations of microbiological fertilisers for the clones Populus x euramericana M-1 and Populus deltoides PE19/66 (Table 4 ). The statistically significant difference compared to the control was determined for the clone Populus deltoides B-229 for the preparation Ectovit, while for the clone Populus deltoides 182/81, the statistically significant difference compared to the control was determined for Rhodovit. The application of microbiological preparations increased the percentage of plants of extra class and I class ( Table 5 ). The highest effect of the application was determined for the clone Populus x euramericana M-1, and the lowest variation was determined for Populus deltoides B-229. The total number of produced plants of the first class and extra class (height above 2.5 m) in the control ranged from 4,583 to 19,662 (Table 6 ). The highest effect of preparation application on the nursery stock production was found for the clone P. x euramericana M-1, and then for the clone Populus deltoides PE19/66. Compared to the control, the clone Populus x euramericana M-1 produced more rooted cuttings of the first class and extra classes, from 16,884 to 24,225 respectively. For the clone Populus deltoides PE 19/66 the difference was between 9,721 and 14,517 rooted cuttings. The differences for the other analysed clones were lower. The results have shown the positive influence of application of mycorrhizal inoculum on the amount of rooted cuttings for normal planting.
Results of application of mycorrhizal inoculum were compared with results in experiment with planting space 1,3 x 0,2 m (A n d r a š e v et al., 
CONCLUSION
This paper analyses the effect of microbiological preparations Rhodovit and Ectovit on the production of poplar planting stock for normal planting.
The percentage of rooting after the application of the above preparations increased only for the clone Populus x euramericana M-1.
Mean seedling height was higher for all the study clones after the application of Rhodovit and Ectovit. The statistically significant difference compared to the control was determined after the application of the preparations of microbiological fertilisers for the clones Populus x euramericana M-1 and Populus deltoides PE19/66.
The highest effect of the preparations on the nursery stock production was determined for the clone P. x euramericana M-1, and then for the clone Populus deltoides PE19/66.
